INTRODUCTION
Drilling during Leg 167 at the California margin was scheduled to recover continuous sedimentary sections. Multiple advanced piston core (APC) holes drilled at different depth offsets provided core overlap in successive APCs. Correlation of high-resolution laboratory physical properties data from adjacent APC holes was used to compile composite depth sections for each site. The composite depth sections were used to confirm continuous recovery and enable high-resolution sampling. The meters composite depth (mcd) scale differs from the shipboard meters below seafloor (mbsf) scale because of (1) core expansion following recovery (MacKillop et al., 1995) , (2) coring gaps, and (3) stretching/compression of sediment during coring (Lyle, Koizumi, Richter, et al., 1997) . Moran (1997) calculated that sediment expansion accounted for 90%-95% of the Leg 154 depth offset between shipboard mbsf and the mcd scales.
Terzaghi's one-dimensional theory of consolidation (Terzaghi, 1943) describes the response of sediments to stress loading and release. Mechanical loading in marine environments is provided by the buoyant weight of the overlying sediments. The load increases with depth below seabed, resulting in sediment volume reduction as water is "squeezed" out of the voids in the sediment. Stress release during core recovery results in expansion of the sediment and volume increase as water returns to the sediment. The sediment expansion or rebound defines the elastic properties of the sediment.
In this study we examine the elastic deformation properties of sediments recovered from Sites 1020 and 1021. These results are used to (1) correct the laboratory index properties measurements to in situ values and (2) determine the contribution of sediment rebound to the depth offset between the mbsf and mcd scales.
METHODS
One-dimensional (vertical) consolidation tests were completed on seven samples recovered from Sites 1020 and 1021. Whole-round samples, 10 cm long, were cut from the core sections, capped, sealed in wax, and stored in refrigerated seawater until testing. The tests were conducted in two back-pressured consolidometers at the Bedford Institute of Oceanography. The application of back pressure redissolves air bubbles trapped within the sample. The samples were back pressured for a minimum of 12 hr before incremental loading was started. A standard load increment ratio of one was used, and the samples were double drained (top and bottom). The measured and derived index properties (Table 1) , determined before the start of each test, were similar to those obtained at sea, indicating that no desiccation of the samples occurred during transport and storage. In addition, no disturbance was observed during sample preparation.
The consolidation test measures the change in sample height over a series of increasing (loading) and decreasing (unloading) stresses. The change in sample height is used to calculate the volume change expressed as void ratio. The consolidation results, plotted as a consolidation curve (Fig. 1) , are used to determine the coefficient of expansion (C r ) defined as the log-linear slope of the rebound portion of the curve. The elastic rebound causes the bulk density and dry density to decrease while porosity and void ratio increases. The elastic rebound does not change the grain density or pore-fluid density. Discrete laboratory index data were corrected using the coefficient of expansion. Void ratio values were corrected to in situ values as follows: ,
where e c is the corrected void ratio, e i is the laboratory-determined void ratio, and P′ o is the effective overburden stress calculated using ,
where d is the discrete measurement interval (mbsf), ρ c is the laboratory-determined bulk density, and ρ w is the pore-fluid density. Porosity values were corrected using the following phase relationship:
Bulk density (ρ c ) and dry density (ρ dc ) data were corrected to in situ valves using corrected void ratio (e c ), grain density (ρ g ), pore-fluid density (ρ w ), and the following phase relationships:
, and (4)
The corrected bulk density values can be used for constructing synthetic seismograms, determining in situ stress conditions, and correlating with downhole logging data. Corrected dry density data can be used in determination of mass accumulation rates. The change in void ratio over one core length is geometrically related to the increase in core length or core expansion (MacKillop et al., 1995) . The core length expansion (∆L) in meters over discrete measurement intervals was calculated from the elastic change in void ratio as follows: 
where n is the core porosity and L o is the recovered length of core. The ∆L over discrete measurement intervals is then accumulated and added to the mbsf scale. The accumulated length in meters below seafloor is then compared with the mcd scale.
RESULTS
Seven consolidation tests were completed on samples from Holes 1020C, 1021C, and 1021D. The test results (Table 2) show sharp transitions between the recompression and virgin compression curves (Figs. 2, 3 ). This suggests little sample disturbance (Holtz and Kovacs, 1981) and increases the accuracy of the preconsolidation (P′ c ) stress determination. The elastic rebound values range from 0.067 to 0.087 for Site 1020 and from 0.067 to 0.085 for Site 1021. The consistent rebound values suggest little variation in the composition of the seven samples. Average elastic rebound values of 0.075 for Site 1020 and 0.077 for Site 1021 were used to correct void ratio to in situ values (Eq. 1). Tables 3 and 4 contain the corrected void ratio, bulk density, dry density, and porosity values for discrete measurements on APC cores for Sites 1020 and 1021.
The consolidation state of the sediment was determined from the overconsolidation ratio (OCR) values of each test. OCR is calculated by
The sediment is overconsolidated (OCR > 1) in the upper few meters and becomes normally consolidated (OCR ≅ 1) with depth. The only exception is at 92 mbsf (Section 167-1020C-11H-5), where the sediment is underconsolidated (OCR < 1). The increase in core length over discrete measurement intervals was calculated from the elastic response change in void ratio (Eq. 6). This core-length expansion results in a recovery greater than the cored length and contributes to the depth offset between the mbsf and mcd scales. Following Moran (1997), the core-length expansion was used to correct the mcd scale to a more realistic depth. The cumulative core lengthening for Sites 1020 and 1021 (APC cores) was plotted as a function of meters below seafloor (Fig. 4) . The elastic core expansion results are best approximated using a simple power function in the form of
where E is the sediment rebound in meters and a and b are coefficients determined from the power function for each site (Table 5 ).
The mcd scale was therefore corrected by removing the sediment rebound (i.e., mcd -E) from the mcd scale. The corrected mcd scales for Sites 1020 and 1021 (Holes 1020B, 1020C, 1021B, and 1021C) are plotted against the mbsf scale (Figs. 5, 6). A one-to-one correlation between the mbsf and the corrected mcd (mcd c ) scales would indicate that sediment rebound accounts for 100% of the mcd offset. There is good linear correlation between the two scales. Moran (1997) calculated that elastic core expansion accounts for 90%-95% of the depth offset between the mbsf and mcd scales for Leg 154. Moran (1997) estimated that the remaining 5%-10% of the depth offset for Leg 154 results from intervals of sediment flow-in, identified in visual description of the split core. The percentage that sediment rebound contributes to the mbsf and mcd depth offset for Leg 167 varies from 40% to 80% (Tables 6, 7 Site 1020 
